1 RESEARCH A lfalfa (Medicago sativa L.) is grown worldwide and is commonly used as forage to feed ruminants because of its high nutritional value; however, its nutritive value is limited by indigestible cell wall constituents such as lignin, which accumulate during plant maturation (Albrecht et al., 1987) . This creates a constant conundrum when timing harvest to balance increasing forage yield and decreasing forage digestibility as the crop matures.
Rapid lignification occurs during the thickening of secondary cell walls in plants as they mature ( Jung and Engels, 2002) . Lignin is responsible for holding the plant upright, providing protection against abiotic and biotic stresses, and providing rigidity within cell walls to prevent the leakage of water and other minerals This research compared forage nutritive value and dry matter yield of a RL cultivar ('HarvXtra-008') with non-RL cultivars ('54R02' and 'WL355RR') across six states in the northern United States. A randomized complete block design with a split-plot restriction on treatment randomization was used, where harvest intervals (28, 33, and 38 d) were assigned to whole plots and cultivars were the subplots. Harvest interval and cultivar effects were significant (P < 0.001) for all variables, and cultivars responded similarly across harvest intervals in that forage yield increased and nutritive value declined with increasing harvest interval. HarvXtra-008 was consistently greater in forage nutritive value than non-RL cultivars averaged across harvest intervals: it was 8.4% lower in acid detergent lignin, 3.5 to 7.5% lower in amylase-treated neutral detergent fiber, and 5.3 to 7.7% greater in neutral detergent fiber digestibility, but 4.8 to 7.0% lower in dry matter yield. HarvXtra-008 was slightly higher or similar in nutritive value and had similar or greater dry matter yield compared with non-RL cultivars harvested on a harvest schedule 5 to 10 d earlier and more frequent. Thus, RL alfalfa can extend the time interval when it is possible to harvest forage with adequate fiber digestibility for animals with high energy requirements.
transported through the vascular tissue (Vanholme et al., 2010) . Lignin is also considered to be the most important cell wall constituent limiting cell wall digestibility in ruminants ( Jung and Vogel, 1986) , which is particularly due to specific cross-linkages it has with other important cell wall constituents, such as cellulose and hemicellulose that otherwise would be digestible in the rumen (Moore and Jung, 2001) . Cell walls contain large amounts of fiber; these fiber fractions are often analytically quantified using the detergent fiber system: neutral detergent fiber (NDF), acid detergent fiber, and acid detergent lignin (ADL). The NDF concentration is especially important when formulating feed rations for ruminant animals (Van Soest, 1994) because forage intake is correlated with NDF. Generally, forages with low nutritive value have greater NDF concentrations and more highly lignified cell walls, which reduce forage digestibility and limit forage intake (Buxton, 1996) . Therefore, forage morphological and physiological changes affect NDF values and nutritive value. Albrecht et al. (1987) found that as alfalfa matured beyond the vegetative stage, there was a rapid increase in cell wall concentration and a concurrent rapid decrease in vitro digestible dry matter. In a review of many feeding studies, Oba and Allen (1999) reported that improving NDF digestibility (NDFD) resulted in greater dry matter (DM) intake and milk yield in dairy cows.
Several studies have reported attempts to downregulate lignin pathway enzymes in alfalfa to improve forage digestibility and reduce cell wall recalcitrance (Baucher et al., 1999; Guo et al., 2001a; Reddy et al., 2005; Chen et al., 2006; Zhou et al., 2010) . The downregulation of caffeic acid 3-O-methyltransferase and caffeoyl CoA 3-O-methyltransferase was shown to be the most successful in improving forage digestibility (Guo et al., 2001b) . Downregulated caffeoyl CoA 3-O-methyltransferase was recently incorporated into new genetically engineered commercial alfalfa cultivars with the reduced lignin (RL) trait marketed under the trade name HarvXtra, with the expectation that reduction in lignin will improve forage nutritive value and increase harvest flexibility (USDA-APHIS, 2014) .
A recent report demonstrated that a RL alfalfa cultivar grown in Minnesota had lower ADL and greater NDFD concentrations, with 9 to 12% greater relative forage quality than normal-lignin reference cultivars managed on the same 30-, 35-, and 40-d harvest intervals (Grev et al., 2017) . Those results support the genetically engineered trait development concept that RL alfalfa cultivars will provide more flexibility in harvest management decisions, in that forage with higher nutritive value can be harvested on the same intervals used for non-RL cultivars, or potentially higher forage yields can be obtained while also maintaining adequate nutritive value when RL cultivars are harvested on longer intervals (McCaslin et al., 2014; USDA-APHIS, 2014) . Although the Minnesota study is promising, there is a need to evaluate how RL alfalfa performs across a wide geographic area. The purpose of this research was to evaluate harvest schedule effects on an RL alfalfa cultivar compared with non-RL cultivars across a broad geographic area, with the goal of determining the degree of harvest interval flexibility possible with RL alfalfa that increases yield while maintaining adequate forage nutritive value for livestock with high nutritional demands. The specific questions addressed in this research include: (i) is RL alfalfa superior in forage nutritive value but equal in yield to non-RL cultivars within a harvest interval and event (year ´ cutting combination), and (ii) if RL alfalfa is harvested 5 to 10 d later than non-RL cultivars, will it have similar forage nutritive value but greater yield than the non-RL cultivars harvested earlier? Table S1 ). The California site was irrigated throughout its duration using a soil-set overhead sprinkler irrigation system. Total irrigation amounts in 2015 and 2016 were 780 and 680 mm, respectively. Soils were fertilized at all sites according to each state's recommendations for alfalfa hay production based on the initial soil test results (Supplemental Table S2 ). Herbicide, insecticide, and fungicide applications were made at recommended rates according to the needs at each location (Supplemental Table S3 ).
MATERIALS AND METHODS

Treatments and Experimental Design
Three alfalfa cultivars, 'HarvXtra-008' (Forage Genetics International), '54R02' (DuPont Pioneer), and 'WL355RR' (W-L Research), were sown at 20 kg ha −1 of pure live seed in plots ranging from 0.9 to 1.5 m wide and 4.6 to 6.1 m long in midApril to May 2015 (Supplemental Table S2 ). All three cultivars have a fall dormancy rating of 4 according to Teuber et al. (1998) and are genetically engineered with the Roundup Ready trait. HarvXtra-008 had the additional genetically engineered RL trait and is hereafter referred to as HarvXtra.
The experimental design was a randomized complete block with a split-plot restriction on treatment randomization plots were cut on the same date when alfalfa stem length was ?76 cm at each location to test the carryover effects of previous years' harvest interval treatments on each cultivar. An exception to this occurred at the Kansas location, where the harvest interval treatments were inadvertently staggered on the 5-d intervals as described for 2016, although the 33-d schedule was delayed because of rainfall (Supplemental Table S4 ). As a result, data from Kansas were not included in the combined analysis for 2017. Forage samples were collected and MSC recorded in 2017 as previously described.
Forage Nutritive Value Analyses
Near-infrared reflectance spectroscopy (NIRS) was used to determine forage nutritive value. Samples were scanned on a Foss DS2500 spectrophotometer (Foss North America). A total of 178 samples with characteristic spectra from this study were selected for developing calibration equations that were used to estimate ADL, amylase-treated NDF (aNDF), ash, crude protein (CP), and in vitro true dry matter digestibility (IVTDMD) using WinISI II software version 1.5 (Foss North America, 2000) . Calibrations were validated using 15 to 19 independent samples. The calibration and validation statistics were acceptable for all variables (Supplemental Table S5 ).
Wet chemistry reference values for calibration and validation sample sets were determined in duplicate for each of the laboratory procedures. Acid detergent lignin was determined using 500 mL of 72% H 2 SO 4 in the ANKOM daisy incubator according to Method 9 of ANKOM (2017). The aNDF was determined using the AOAC Official Method 2002.04 as described by Mertens (2002) with modifications: no ash concentration correction, samples were boiled in 200-mL flasks in an oven for 60 min rather than being refluxed, residues were filtered under vacuum over No. 541 Whatman filter paper (MilliporeSigma), and neutral detergent solution was purchased from the ANKOM Technology Corporation. Ash was determined using a modified cold furnace method starting at 200°C for 1 h, then ramped to 600°C (AOAC, 1984) . Crude protein was determined using the Dumas method (AOAC, 2010). The IVTDMD was according to the method of Goering and Van Soest (1970) using the aNDF procedure after incubation in rumen fluid for estimation of true dry matter digestibility, modified with an incubation time of 48 h using 200-mL flasks containing 10 mL of rumen fluid and 40 mL of buffer per flask. Rumen fluid was collected and pooled from three donor steers fed a diet consisting of 50% forage (similar parts of alfalfa and grass hay DM) and 50% concentrate mixture containing ground corn (Zea mays L.), soybean [Glycine max (L.) Merr.] hulls, soybean meal, vitamins, and minerals. The NDFD and undigested NDF at 48 h of incubation (uNDF48) reported here were calculated from NIRS predictions of IVTDMD and aNDF as follows (all nutritive value traits expressed as g kg −1 ):
In addition to the samples used to validate the NIRS calibrations (Supplemental Table S5 ), wet chemistry analyses were also conducted on the complete set of first harvest samples collected in Ohio and California in 2016. This was done as additional wet chemistry validation of the NIRS-predicted in four replicates, in which harvest schedules (28-, 33-, and 38-d harvest intervals) were assigned to the whole plots and alfalfa cultivars to the subplots. Harvest interval treatments were imposed beginning with the second harvest in the 2015 seeding year and continuing through 2016 at all locations (Supplemental Table S4 ). Averaged across 2015 and 2016, the actual average harvest intervals achieved (mean ± SD) were 27.9 ± 0.60, 32.9 ± 0.99, and 38.0 ± 1.80. In 2017, a single harvest was made on the same day in the spring across all harvest interval treatments to test carryover effects of the harvest schedules from the two previous years on each cultivar.
Seeding Year Procedures
The first harvest in 2015 was taken uniformly across all plots at early flowering stage. Data from the first harvest were not recorded to avoid any effects that may have occurred from differences in seedling emergence. The date of the first harvest of the seeding year varied across locations (data not shown), a result of planting date differences and timing of early flowering at each location. The second and third harvests at each location occurred on 28-, 33-, or 38-d regrowth intervals in 2015 (Supplemental Table S4 ). Herbage samples of 300 to 400 g were hand clipped from each plot to a 5-cm stubble and the fresh weight was recorded, and then samples were dried in a forcedair oven for 72 h at 50 to 55°C to determine DM concentration. These samples were kept for subsequent analyses of nutritive value. A separate sample was collected, its fresh weight was recorded, and then it was used for determining mean stage count (MSC; Kalu and Fick, 1981) based on a minimum of 40 stems from each plot at each harvest. The plot area sampled was ?30 cm of row length from the center three to five rows in each plot, excluding the outside rows as borders. Plots were then harvested with a forage plot harvester to 5-cm stubble height. Forage yield per unit area was calculated from total fresh weight of each plot (including previously collected sample weights) and the DM concentration. After drying, samples were ground through a 4-mm screen using a Wiley mill (Thomas Scientific) and reground through a 1-mm screen with a Udy mill (UDY Corporation).
and 2017 Procedures
The first harvest interval of the 28-d interval treatment at any given location for 2016 occurred when the alfalfa stem length averaged 60 cm across all three cultivars. The first harvest in the 33-and 38-d interval treatments occurred 5 and 10 d later, respectively. Subsequent harvests throughout the season followed according to the harvest interval treatments, with the last harvest being completed in September (Supplemental Table S4 ).
Before each harvest, hand-clipped samples were collected from each subplot as described for the seeding year to determine MSC and DM, and for nutritive value analyses. In Ohio only, leaf proportion of the cultivars was determined at all cuttings in 2016 by separating and measuring the DM weight of leaflets plus petiolules and petioles vs. stems (Guan and Nutter, 2002) . Lodging scores were visually rated for each subplot on a scale of 0 to 9, where 0 = 1 to 10% erect stems, and 9 = 91 to 100% erect stems ( Johnson et al., 2006) .
Forage yield was determined as described previously. In 2017, data were collected only from the first harvest when all nutritive values reported here. The trends observed for cultivar and harvest interval responses at those two sites (Supplemental Tables S6 and S7 ) agreed closely with the trends reported below based on the NIRS predictions of nutritive value for the entire dataset collected across all locations and harvests.
Statistical Analysis
Normality of residuals was evaluated and confirmed graphically as recommended by Kozak and Piepho (2018) . Canonical discriminate analysis (CDA) is a multivariate dimension-reducing technique that is used to identify differences among preexisting groups (treatments) by jointly considering all measured response variables and minimizing the withingroup variance of the original variables and maximizing the among-group variance (Cruz-Castillo et al., 1994) . We used CDA as implemented in SAS PROC CANDISC (SAS Institute, 2015) to determine the linear combination of the measured variables that maximized the differences among harvest intervals and cultivars. The canonical variables separated the harvest intervals and cultivars based on the correlations among all traits measured. The data for the CDA were location ´ year ´ cultivar ´ harvest interval means (i.e., on averages across all blocks and harvests); however, the fifth harvest in 2016 and the first harvest in 2017 were excluded from the CDA because a fifth harvest only occurred in the 28-d treatment (at four of the six locations) and all plots were harvested on the same day in 2017 within a location (as discussed above).
Linear mixed model methodology as implemented in SAS PROC GLIMMIX (SAS Institute,2015) was used to test the treatment effects in the study for the variables of interest. The fixed classification effects in the model were harvest interval, cultivar, event (individual harvest ´ year combinations), and their interactions. Random effects were state, block (i.e., replicate within state), and their interactions with the fixed effects. State and the state ´ treatment interactions (i.e., harvest interval ´ state, cultivar ´ state, and harvest interval ´ cultivar ´ state) were modeled as random effects because we wanted to make broad-sense inferences (Dixon et al., 2018) across the entire geographic area represented in the study. Besides comparing the cultivar main effect means, of specific interest was comparing the RL cultivar harvested on a less frequent interval with the non-RL cultivars harvested on more frequent intervals; this was accomplished with the PDIFF option with LSMEANS of SAS PROC GLIMMIX. Data from Kansas for the first cutting in 2017 were not included in any of the analyses because harvest interval treatments were inadvertently staggered as in 2016, rather than being harvested on the same day, as was the intention in order for the first harvest data in 2017 to serve as a measure of any carryover effects of the harvest interval treatments in the previous 2 yr.
RESULTS
Monthly average temperatures during the 2015 and 2016 growing seasons trended mostly near average to higher than the long-term average at most locations, with a few exceptions (Supplemental Table S1 ). Monthly precipitation was variable in 2015, with August being below average except in Michigan and Wisconsin (Supplemental Table S1 ). The 2016 monthly precipitation for most locations trended lower than average in spring through early summer, except in Kansas, where it was well above average in April but well below average in June. Late summer and early fall precipitation tended to be greater than the longterm average at most locations.
Canonical Discriminant Analysis
Our null hypothesis was that HarvXtra was not different from the non-RL cultivars in nutritive value and yield. Jointly considering all response variables through CDA provided a clear picture of the response; HarvXtra clearly separated from the conventional cultivars (Fig. 1) , and the null hypothesis was rejected. HarvXtra had greater ash, NDFD, and CP concentrations than the non-RL cultivars at each respective harvest interval treatment, as indicated by the negative phenotypic correlations of those variables with the first canonical variate (see inset in Fig. 1 ). In contrast, HarvXtra had lower ADL, uNDF48, aNDF, yield, and MSC than the non-RL cultivars, as indicated by the positive phenotypic correlations between those variables and the first canonical variate.
Within each cultivar, there was a similar relationship along the harvest interval gradient (i.e., in every case, the shorter the harvest interval, the lower the values for ADL, uNDF48, aNDF, yield, and MSC, and the larger the values for ash, NDFD, and CP). The second canonical variate confirmed the harvest interval response, although less strongly, because of lower correlations with the original variables; as harvest interval increased, the second canonical variate increased and was positively correlated with yield and MSC but negatively correlated with CP. It is interesting to note that the first canonical variate means for HarvXtra at the 28-and 33-d intervals are clearly lower than the 28-d means for the other two cultivars, whereas the 38-d interval mean for HarvXtra is just slightly greater than the 28-d harvest interval means for the other cultivars. This has important implications for harvest management decisions, as will be discussed below.
Linear Mixed Models Analyses
There were no harvest interval ´ cultivar ´ event interactions (P ³ 0.349, Table 1 ). The two event ´ cultivar interactions (P = 0.028 for ADL and P = 0.045 for ash) were due to minor changes in magnitude of differences among cultivars across events and not due to changes in cultivar ranking. The harvest interval ´ event interaction was significant (P £ 0.001) for all variables; however, it was due primarily to changes in magnitude of differences among the harvest intervals across events. Minor changes in ranking of the harvest intervals occurred only at the fourth harvest in 2016 for ADL and ash and at the first harvest in 2016 for ash, when differences among harvest intervals were smaller than at other harvests. In those few harvest events (Fig. 2) ; however, our second specific objective was to make a priori comparisons between HarvXtra harvested on a longer interval vs. the other two cultivars harvested on shorter intervals. For HarvXtra on the 38-d interval vs. the other cultivars on the 28-d interval, HarvXtra had greater (P < 0.05) forage yield, lower (P < 0.05) CP, and greater (P < 0.05) NDFD than 54R02, but similar (P > 0.05) NDFD to WL355RR and greater (P < 0.05) aNDF (Fig. 2) . When HarvXtra on the 38-d interval was compared with the other cultivars on the 33-d interval, HarvXtra had similar (P > 0.05) forage yield, similar (P > 0.05) CP to 54R02 but less (P < 0.05) CP than WL355RR, greater (P < 0.05) NDFD, and similar (P > 0.05) aNDF to WL355RR but less (P < 0.05) aNDF than 54R02 (Fig. 2) . When comparing HarvXtra harvested on the 33-d interval vs. the other cultivars on the 28-d interval, HarvXtra had similar forage yield (P > 0.05) to 54R02 but greater (P < 0.05) forage yield than WL355R, lower (P < 0.05) CP than WL355RR but similar (P > 0.05) CP to 54R02, similar (P > 0.05) NDFD to WL355RR but greater (P < 0.05) NDFD than 54R02, and similar (P > 0.05) aNDF to 54R02 but greater (P < 0.05) aNDF than WL355RR (Fig. 2) .
The harvest interval ´ cultivar interaction for seasonal total yield in 2015 and 2016 was not significant (P = 0.10). Seasonal yield in 2015 increased (P = 0.004) as harvest interval increased, but in 2016, harvest interval had no cases when harvest interval changed ranking, the difference among them was <1.5 g kg −1 and smaller than the SE. Differences among harvest intervals tended to be small at the last harvest in 2015. Overall, the cultivar and harvest interval rankings were very consistent across events in both years; the few significant interactions resulted from the high power achieved in the combined analysis across locations.
A significant cultivar ´ harvest interval interaction was found only for aNDF (P = 0.012, Table 1 ) and uNDF48 (P = 0.047, Table 1 ), but in both cases, the interaction was due to minor changes in magnitude of differences among cultivars across harvest intervals with no change in cultivar ranking (NDF, Fig. 2 ; uNDF48, Supplemental Fig. S1 ). Averaged across all harvest intervals, events, and locations, HarvXtra was consistently lower (P < 0.05) in ADL, aNDF, uNDF48, and forage yield and greater (P < 0.05) in ash, CP, and NDFD (Table 2 ). In addition, HarvXtra was slightly less mature (lower MSC) at harvest than the other cultivars ( Table 2) . As the harvest interval increased (28 to 38 d), ADL, aNDF, uNDF48, forage yield, and MSC increased, whereas ash, CP, and NDFD decreased when averaged over all events, cultivars, and locations ( Table 2) .
As mentioned above, the three cultivars responded similarly to harvest interval, as illustrated by the forage yield, CP, NDFD, and aNDF responses averaged over Fig. 1 . Centroid means and phenotypic correlations between the original variables and centroid means from the canonical discriminant analysis of three alfalfa cultivars evaluated at six locations over 2 yr at three harvest intervals (28, 33, and 38 d between harvests). Can1 and Can2 are the first and second canonical variates, respectively. Variables include acid detergent lignin (ADL), ash, neutral detergent fiber digestibility (NDFD), undigested amylase-treated neutral detergent fiber at 48 h (uNDF48), amylase-treated neutral detergent fiber (aNDF), forage yield, mean stage count (MSC), and crude protein (CP). Table 1 . P values from linear mixed-model analysis results for effects of harvest interval, cultivars, event (year ´ harvest combinations), and their interactions. Variables include acid detergent lignin (ADL), ash, crude protein (CP), amylase-treated neutral detergent fiber (aNDF), undigested aNDF at 48 h (uNDF48), neutral detergent fiber digestibility (NDFD), and forage dry matter yield. effect (P = 0.57, Table 3 ), which may have been due to the shorter harvest interval treatments having more harvests over the whole season (Supplemental Table S4 ), compensating for the lower yield at each harvest ( Table 2 ). The cultivar main effect was significant (P £ 0.005) for seasonal total yield in both years, with HarvXtra yielding 7.6 to 8.3% less than the other two cultivars in 2015 and 7.2% less than 54R02 in 2016 (Table 3) . Comparing HarvXtra harvested later with the other two cultivars harvested earlier, the only instance when yields differed significantly was in 2015, when total seasonal yield of HarvXtra on the 38-d interval (5571 kg ha ) on the 28-d harvest interval. There were no significant differences (P > 0.42) among cultivars and harvest interval treatments and no cultivar ´ harvest interval interaction at the first harvest in 2017, when all plots were harvested on the same date (Table 3) . For nutritive value traits, there were significant (P < 0.001) cultivar effects at the first harvest in 2017 (data not shown) that followed similar trends as in the prior 2 yr ( Table 2 ). The harvest interval and harvest interval ´ cultivar interactions were not significant (P ³ 0.52) for nutritive value traits at the first harvest in 2017. Thus, there were no carryover effects on yield or nutritive value at the first harvest in 2017 from the harvest interval treatments imposed the two prior years.
Harvesting alfalfa on longer harvest intervals increases the risk for lodging; however, there were no significant (P > 0.09) effects of harvest interval, cultivar, or their interaction on visual lodging scores (data not shown). Even within the 38-d harvest interval when the alfalfa was at its Table 2 . Main effect means for cultivars and harvest interval treatments for acid detergent lignin (ADL), ash, crude protein (CP), neutral detergent fiber using a-amylase (aNDF), undigested amylase-treated neutral detergent fiber at 48 h (uNDF48), neutral detergent fiber digestibility (NDFD), mean stage count (MSC), and forage dry matter yield. Values are averaged over harvests and locations in 2015 and 2016. most advanced stage of development, the lodging score of HarvXtra was usually similar as or better than that of the non-RL cultivars (Supplemental Table S8 ).
DISCUSSION
As the harvest interval increased (28 to 38 d), the ADL, aNDF, uNDF48, forage yield, and MSC increased, whereas ash, CP, and NDFD of all cultivars decreased when averaged over all events and locations. This is consistent with previous results reporting declining nutritive value and increasing yield as harvest interval and maturity of the forage increase (Albrecht et al., 1987; Kallenbach et al., 2002) .
HarvXtra differed significantly in all nutritive value traits compared with the two non-RL cultivars, consistently demonstrating superior nutritive value across all harvest intervals or within each specific harvest interval. This was demonstrated in both the CDA (Fig. 1) and linear mixed models analyses of means (Table 2) . HarvXtra was 8.4% lower in ADL (−7 to −8 g kg ), 5 to 8% greater in NDFD (+27 to +38 g kg −1
), and 9 to 15% lower in uNDF48 (−15 to −27 g kg −1
) than the two non-RL cultivars included in this study. These results are consistent with those reported by Grev et al. (2017) comparing RL and non-RL cultivars in Minnesota. In the current study, HarvXtra was also 3.5 to 7.5% lower in aNDF (−12 to −27 g kg ), and 5 to 7% lower in yield than the other two cultivars when averaged across all harvest intervals and events. Those differences contrast the results of Grev et al. (2017) , who reported no differences in NDF, CP, or yield for the RL compared with non-RL cultivars. Although HarvXtra was significantly greater in CP concentration than the other cultivars in this study, the differences were small and likely not meaningful in the context of a complete ration fed to ruminant animals. The greater CP and lower aNDF of HarvXtra in this study might be partially explained by the fact it was slightly less mature (−0.2 MSC) than the non-RL cultivars (Table 2 ). HarvXtra may have had slightly greater leaf proportions as well, demonstrated by the data collected in Ohio (Supplemental Fig. S2 ). Averaged across all Ohio harvests in 2016, the leaf proportion in HarvXtra (523 g kg −1
) was greater (P < 0.05) than in 54R02 (493 g kg ). The greater ash concentration in HarvXtra was likely due to a greater concentration of endogenous minerals and not due to soil contamination, because all cultivars were hand harvested at the same time and in the same manner. Fleming (1973) reported that DM accumulation generally occurred more rapidly than mineral uptake as plants matured; therefore, mineral concentrations were lower in more mature plants as a result of this dilution effec. Since HarvXtra was less mature (−0.2 MSC) than the non-RL cultivars, the greater ash concentration in HarvXtra may have been a result of this difference in maturity, resulting in less dilution of its mineral content. Further investigation of mineral concentrations of RL compared with non-RL alfalfa might be warranted.
When comparing differences due to harvest interval treatment and cultivar choice averaged across events (Table 2) , the numerical change due to a 10-d difference in harvest interval was similar to the difference observed between HarvXtra and 54R02 for ADL, ash, and uNDF48, whereas harvest interval had a larger effect than cultivar choice on CP, aNDF, and yield. The NDFD difference between HarvXtra and 54R02 was greater than the mean change in NDFD between the 28-to 38-d harvest intervals. Thus, HarvXtra could offset the equivalent detrimental effect on fiber digestibility from a nearly 10-d delay in harvest interval that occurred with the high-yielding non-RL cultivar. This observation was supported by the CDA analysis in that the first canonical variate mean for HarvXtra on the 38-d harvest interval was just slightly greater than the 28-d harvest interval means for the other cultivars (Fig. 1) . It is further illustrated by comparing HarvXtra on the 38-d interval with the other cultivars on 28-or 33-d harvest intervals for NDFD (Fig. 2 ), which were a priori comparisons. The average NDFD of HarvXtra on the 38-d interval was greater than or similar to the NDFD for the other two cultivars harvested on either 28-or 33-d intervals. The average forage yield of HarvXtra on the 38-d interval was greater than that of the other two cultivars when they were on the 28-d interval, but similar to that of the other cultivars on the 33-d interval (Fig. 2) .
The aNDF of HarvXtra at the 38-d interval was generally similar to or greater than that of the other cultivars harvested on shorter intervals (Fig. 2) ; however, this could be beneficial. Many dairy producers use short harvest intervals for alfalfa to achieve desired NDFD levels, and as a result, the rations frequently have inadequate total forage aNDF, which leads them to add straw to the rations to achieve adequate fiber for good rumen health. Therefore, HarvXtra harvested on a less frequent schedule would have a greater level of aNDF and the desired forage NDFD, providing for both good rumen function and milk production compared with non-RL cultivars managed on more frequent cutting schedules. Crude protein of HarvXtra on the 38-d interval was usually lower than that of the other cultivars harvested on shorter intervals; however, even at 38 d, the CP level of HarvXtra was more than adequate for all classes of livestock (Fig. 2) . This is the first published report of RL cultivars tested across a wide geographic area. Alfalfa breeders have been striving to improve forage nutritive value and digestibility for nearly 45 yr (Vogel and Sleper, 1994) . The results demonstrated that the RL cultivar was consistently greater in nutritive value than non-RL cultivars within the same harvest interval and, most of the time, was slightly greater than or similar in nutritive value to the non-RL cultivars harvested on a 5-to 10-d, more frequent schedule ( Fig. 1 and 2) . Grev et al. (2017) reported similar but less dramatic results, concluding that a 5-d harvest delay with the RL cultivar they tested (i.e., 35-d harvest interval) had a 21% gain in forage mass with a 3% reduction in relative forage quality compared with non-RL cultivars harvested earlier on 30-d intervals. If we compare harvesting later vs. earlier within any given individual growth cycle, the forage yield almost always increases; however, if alfalfa producers harvest each growth cycle on longer intervals, it is likely to result in one less harvest per year in many regions. The results from this study demonstrate that HarvXtra harvested later combined similar seasonal total DM yields and overall similar nutritive value as non-RL cultivars harvested earlier and more frequently. Thus, the results from this study support the expectations for RL alfalfa stated by McCaslin et al. (2014) and strengthen previous results found in a narrow geographic area (Grev et al., 2017) . We conclude that forage producers are offered more flexibility in harvest management decisions across a wide range of environments when growing RL alfalfa cultivars, in that it will be possible to extend the interval between harvests while maintaining adequate fiber digestibility for animals with high energy requirements.
Harvesting less frequently and fewer times per year should reduce total harvesting costs as well as alleviate compaction damage from harvesting equipment that can lead to lower forage yields and shorter stand life. Most alfalfa producers will keep a stand for three or more years (Kallenbach et al., 2002) . The data reported here were collected from the seeding year through the first harvest of the second production year. Future studies should examine a wider range of RL cultivars vs. non-RL cultivars maintained on different harvest schedules over a normal span of the life of an alfalfa stand, to better assess the impact of RL cultivars on productivity and nutritive value, as well as stand persistence and profitability.
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